To make the Hall bar devices with a current flow along different directions, first, we identified the in-plane crystal orientation of exfoliated WTe 2 flakes, using polarized Raman spectroscopy. The intensity of the Raman spectra collected with a crystal orientation either parallel or normal to the laser polarization direction are significantly different, especially for the peaks A (~130 cm -1 ) and A (~212 cm -1 ). After identification of inplane crystalline orientation, the designed Hall bar devices with current along a-and b-axes were exposed by standard E-beam lithography (EBL) and then reactively etched by Cl 2 . After the etching, one more EBL step was taken to expose the top electrodes, which was followed by the e-beam evaporation Ti(10 nm)/Au(70 nm) and standard lift-off process. Finally, we fabricated the Hall bar devices with current along different directions in (a) and Fig. 1a in main text. 
Note 1 WTe 2 sample growth condition
High-quality single crystals WTe 2 were grown by chemical vapor transport. Tungsten powder (99.9%) and tellurium (99.99%) was mixed together with tellurium tetrabromide as transport agent, with a concentration of 3 mgcm-3 in a sealed quartz ampoule. The growth is realized in two zone furnace with a temperature gradient of 850 °C to 750 °C to grow crystals. The evacuated quartz ampoule is about 30 cm long with a diameter of 10 mm. The millimeter-sized sheet single crystals with metallic luster were successfully obtained after 7 days growth.
Note 2 Fitting phase explanation
More strictly, we need two sinφ terms, Although the b-axis planar Hall effect can be fitted through sin sin sin 2 , it is meaningless to introduce too many terms to fit the observed sinusoidal planar
Hall effect, because we can always fit the angular dependent planar Hall resistivity through several sinusoidal curves. To avoid introducing too many fitting parameters, we only use equation sin sin 2 to fit our experimental data. As we discussed above, the fitting phase angle is actually consisted of two separate term and . As the referee worried about, there should be some correlation for the phase shift angle and for a-and b-axes devices. We should point out that the orbital magnetoresistance for a-and b-axes devices should be located at the same phase angle shift , because both
Hall bar devices come from the same flake which should have the two-fold symmetry. That's why the phase shift are almost the same for a-and b-axes in table S1 and S2 (T=2 K, various magnetic fields) and table S3 and S4(B=14 T, different temperatures). Therefore, our fitting phase angles in Table S1 -S4 should be quite consistent with the fitting logic.
